1. Background {#sec56606}
=============

Multiple sclerosis (MS) is an advanced neurologic disease which demyelinates the cells of central nervous system ([@A17173R1]). Before 1970s, it was thought that any kind of physical movement and exercise may cause fatigue and new problems in the patient and therefore they must be avoided. However, it gradually appeared that physical exercises can be useful for the patients, reduce their fatigue, and increase their strength, perseverance, and life quality ([@A17173R2]-[@A17173R4]). The exercise used in these studies were a large range of exercises including strengthening exercises with weight lifting, perseverance and aerobics exercises on bicycle and treadmill, and various balancing and stretching exercises. For example, Ostert and Kesselring reported in 2001 from Switzerland, the improving of symptoms such as fatigue, physical activity level, and social activities in patients after four weeks of aerobics exercises ([@A17173R5]). In a different report, however, Collett et al. from Oxford University declared that various exercises on a state bicycle didn\'t cause significant changes in their patients ([@A17173R6]). In the first decade of the present century several reports were published regarding the positive effects of exercise on MS symptoms. White (2004) ([@A17173R7]), Gutierrez (2005) in the United States ([@A17173R8]), Taylor (2007) in Australia ([@A17173R9]), De Souza (2009) in Spain ([@A17173R10]), and Dalgas et al. (2010) in Denmark ([@A17173R11]) maintained that increasing perseverance exercises could improve symptoms in multiple sclerosis patients. Moreover, Newman et al. in 2007 in Britain contended that exercise on treadmill improves walking distance and speed ([@A17173R12]). Researchers gradually turned to combination exercise therapy and they could show these exercises have positive effects on patients\' strength, perseverance, walking distance and quality of life. In Finland, for instance, Romberg et al. in 2004 reported that factors related to moving in multiple sclerosis patients improved after resistance and aerobics exercises, though these exercises did not have any effects on patients\' quality of life ([@A17173R13]). Australian researchers in Griffith University indicated in 2009 in a cross-sectional study that those patients with a higher activity level have less depression and fatigue issues. Also, Stroud et al. maintained that all aspects of quality of life in people who did regular exercises were significantly better from those of non-active people ([@A17173R14]). Furthermore, in 2010, Cakit et al. in Turkey reported that exercises on state bicycles and balancing exercises improve factors such as fatigue and balance in multiple sclerosis patients and reduce the fear of falling in them ([@A17173R15]). The good point of all these exercises was that they were easy for patients to perform and they could often finish the exercises successfully. Moreover, the results of most of these researches indicated the improvement of patients in performed items and tests. These exercises were usually performed from four to eight weeks ([@A17173R5], [@A17173R7]-[@A17173R13], [@A17173R15]) and only Romberg\'s lasted for six months ([@A17173R13]). On the other hand, to measure the success of interventions, patients in most of these studies received tests immediately after they had completed the exercises and therefore the durability of the effects of these exercises were not measured. In other words, the long-term effect of these exercises on patients\' personal lives were not investigated. There have been fairly few interventions investigating the long-term effects of exercises. McCullagh et al. in 2008 in Ireland, for instance, reported the long-term durability (six months) of the effects of exercises in reducing fatigue and increasing quality of life ([@A17173R16]). Stuifbergen et al. in 2006 in the United States showed in a longitudinal qualitative study that there is a positive relationship between exercise and quality of life in multiple sclerosis patients. This study, which lasted for five years and during which 611 patients were regularly assessed, contended that patients with more physical exercise and activity were less vulnerable to the disabilities of the disease ([@A17173R17]). Eventually, researchers such as Motl in 2008 ([@A17173R18]), Snook in 2009 ([@A17173R19]) and Asano et al. ([@A17173R20]) in the same year, as well as Andreasen in 2013 ([@A17173R21]) had a review on rehabilitation and exercise articles and interventions and their effects on MS, and declared that exercise therapy had more or less significant effects in reducing the problems caused by the disease. Although larger and better designed clinical trials are needed to prove this notion.

2. Objectives {#sec56607}
=============

The aim of this study was to investigate whether combination exercise therapy has long-term positive effects on patients and whether a period of short-term exercise can change patients\' behavior for doing daily physical exercises.

3. Patients and Methods {#sec56615}
=======================

3.1. Study Population and Sampling {#sec56608}
----------------------------------

This study is a randomized clinical trial containing control and intervention groups and subjects were selected using simple randomization method. The participants consisted of 147 patients with multiple sclerosis which enrolled in this study based on convenience sampling method who were referred by neurologists to physiotherapy clinic of Iran\'s Multiple Sclerosis Society (located in Tehran, Iran) during a 14-months period from September 2012 to December 2013.

3.2. Sample Size {#sec56609}
----------------

In this study, the total sample size was determined to be 42 for each intervention and control group and was calculated based on the prior studies considering 95% confidence level, 90% power, d = 1, and σ^2^ = 2. We used the below formula:
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3.3. Iran Multiple Sclerosis Society {#sec56610}
------------------------------------

MS society which is located in Tehran --the capital city of Iran, was launched in June 1999 and registered as a non-governmental charity in 2000. By now, it has about 18,000 members across the country. The first activity of the society was to establish a free of charge social and psychological consultation service for the patients. Then, this society extended its activities to preparation of informative brochures, following-up the treatment needs of patients, precise registration of patients' information in aggregated databases, communication with the scientific centers and media around the world specially the Multiple Sclerosis International Federation (MSIF), holding various conferences, writing, translating and publishing books and related materials, collaboration with multiple research projects and launching the physiotherapy department. Furthermore, obtaining affordable MS drugs for patients through the governmental subsidies and minimizing treatment costs are considered substantial achievements of this NGO ([@A17173R22]).

The participants were required to meet the following criteria: suffering from recurrent and improving type of MS, 18 to 50 years old, not having had any MS attack in the last three months and consuming various types of interferon for prevention of MS attacks ([@A17173R1]). Also, these patients had to have EDSS scores of 0-4 ([@A17173R23]), and higher scores excluded the patient from the research. Eighty four patients passed this first test. Then, using random number tables, these patients were divided into two groups: 42 entered the intervention group and the rest were assigned to the control group. Among the 42 patients in the control group, 30 patients accepted the invitation to take the test and thus as the control group, they conducted the initial experiments. According to the information obtained from patients in the intervention group and also the database of Iran\'s Multiple Sclerosis Society, patients in the control group matched those in the intervention group regarding their age, gender, disease type and intensity, and medications used. These were the patients who, due to the long distance or personal or occupational problems, were not definitely able to attend the center\'s routine or intervention sessions and it was certainly impossible to perform rehabilitation therapy for them. Their working hours, for instance, did not match the center\'s working hours, or the long distance between where they lived and the center's location did not allow them to regularly attend this exercise period in the center. Their selection for inclusion in the control group was also ethically justified. These people had to avoid doing any planned physical or rehabilitation activity for 10 weeks. After the second phase of experiments, however, these people were also allowed to do exercises or different rehabilitation activities because it was not ethically feasible to deprive them from this type of treatment. In the intervention group, if patients experienced sudden attacks during the study period or did not attend the required number of exercise sessions, they were removed from the study.

3.4. Data Gathering Instruments {#sec56611}
-------------------------------

The experiment in this research was conducted in three phases: once a week before the exercise, the second time a week after ten weeks of exercise, and the third phase was done after all exercise sessions. These tests included measurement of disability in MS patients ([@A17173R23]), level of balance (Persian version of Berg balance test) ([@A17173R24]), walking distance (6-min walking test) ([@A17173R25]), fatigue intensity test ([@A17173R26], [@A17173R27]), and quality of life test specific for MS patients ([@A17173R28]). Also, in the third test the number of possible attacks in the last nine months was reported by patients themselves. Patients\' scores were reported by a neurologist. Six-min walking test was conducted in a gymnasium outside the place where exercises were done. Using computerized versions, other tests were done by a skilled trainer different from main trainers and researchers in the exercise area. The results were automatically generated by a computer and without any interventions by the researchers.

3.5. Intervention {#sec56612}
-----------------

The intervention in this research included 10 weeks of combination exercises including stretching and aerobics exercises, strengthening exercises with spring, and balancing exercises with tilt board and cerebral palsy ball. Three exercise sessions per week with a total number of 30 sessions were considered for the patients. At the beginning of every session, patients, with the guidance of a therapist, performed the stretching exercises including movements for spine and neck and upper and lower limbs. These exercises took seven to ten minutes. Then, in every exercise session, patients used a combination of state bicycle and treadmill to do aerobics exercises. These sessions started with 20 minutes exercise for the first session and then were increased in time. Depending on the patients\' fatigue, these exercises took up to 40 minutes in every session. The time of aerobics exercises was divided equally between bicycle and treadmill. The difficulty level in every session started from a low point and gradually reached to the climax and once again decreased and returned to the starting point. Aerobics exercises in the first session included 10 minutes exercise on state bicycle with 40 percent of the maximum heart beat, 10 minutes walking on treadmill with 40 percent of the maximum heart beat, and 10 minutes non-active rest between them. In the last session, these activities took 20 minutes with 70 percent of maximum heart beat. During aerobics exercises, patients were repeatedly recommended to rest before they feel exhausted. In every treatment session, patients did strengthening exercises with a spring for strengthening their quadriceps, gluteal, and cuff muscles. Exercise regimen for these muscles started many cycles of low intensity exercise and took nearly 10-15 minutes. In every session, patients did various balancing exercises with circular and rectangular tilt boards and also cerebral palsy ball. These exercises took 10 minutes at the beginning and gradually increased to 20 minutes. These exercises included standing with one foot and two feet on rectangular tilt board at the beginning and after some sessions patients exercised with the circular type device. Furthermore, sitting on cerebral palsy balls and doing exercises on them with one foot or two feets by patients was considered as a balancing exercise. Thus, every session started with one active hour and gradually, depending on patients\' endurance, increased to nearly 90 minutes. Patients were allowed to take enough rest between exercises to refresh themselves and overcome their fatigue. Whenever possible they were offered proper fruit juice, biscuits, and dates. It must also be noted that patients received sufficient explanation about the methods, principles, and benefits of exercises for MS patients and were encouraged to do exercises on a regular and long-term basis ([@A17173R29]).

3.6. Ethical Considerations {#sec56613}
---------------------------

Ethical issues (including plagiarism, informed consent, research misconduct, data fabrication and/or falsification, double publication and/or submission, redundancy, etc.) have been completely observed by the authors. The Ethics Committee of Kerman University of Medical Sciences approved the study protocol with Code No: K/92/398. For ethical reasons, at the end of the study the control group received also combination exercises. Informed consent (oral and written) of all participants was obtained and regulations of the Declaration of Helsinki was followed throughout the study.

3.7. Analysis {#sec56614}
-------------

The normality of data was tested and confirmed by Kolmogorov-Smirnov test. The analysis was done using descriptive statistical methods such as average standard deviation and analytical statistics such as repeated measurement to investigate the effect of repetitive variables in the control and intervention groups and in three phases (phase one, phase two, and phase three). Also the simultaneous effect of group and time variables (interaction effect) were analyzed. In this research, average scores of disability, walking distance, fatigue intensity, balance level, and physical and mental quality of life were compared between intervention and control groups in three time points throughout the study (a week before, a week after, and a year after the intervention). The effect of other factors such as gender (male-female), age, and number of attacks as confounding factors were entered into the model. The analysis was done using SPSS 20 and significance level was considered to be P-values \< 0.05.

4. Results {#sec56622}
==========

Thirty nine (15 men and 24 women) out of 42 patients in the intervention group managed to finish the exercises and entered the second phase of experiments. One patient left the exercises unfinished due to lack of enough time. One patient stopped performing exercises because of muscular pain in cuff muscles and one other patient was removed from the study due to a new attack and non-responding symptoms. In the third phase, four patients were unavailable because they went on trips or changed their addresses. Eventually, 35 patients finished this test completely. Also, 22 (7 men and 15 women) out of 30 patients in the control group in the initial phase could complete the second-phase tests and eight were removed from the study. Five patients were removed because they did perform exercises or began rehabilitation, one because of a new attack or severity of symptoms, and two because of personal problems. Moreover, two patients could not be invited to the third phase of experiments because they had changed their addresses. Finally, the scores of 20 patients were included in the final analysis. [Table 1](#tbl14600){ref-type="table"} shows the characteristics of patients in the intervention and control groups.

###### The Distribution of Demographic Variables in the Two Study Groups [a](#fn10961){ref-type="table-fn"}

  Groups                   Male   Female   Total   Age            Number of Attacks (After Intervention)
  ------------------------ ------ -------- ------- -------------- ----------------------------------------
  **Intervention Group**   15     24       39      33.05 ± 7.68   18
  **Control Group**        7      15       22      32.05 ± 6.35   12
  **Total**                22     39       61      \-             \-

^a^ Data are presented as mean ± SD.

4.1. Tests Results {#sec56621}
------------------

### 4.1.1. EDSS Test {#sec56616}

In the EDSS test, there were no significant changes in the first and second periods in the two groups as compared within the group, but in the third period both groups showed a significant increase in the scores of this test. This increase was about half a point for the intervention group (P = 0.001) and 0.72 for the control group (P = 0.001) ([Figure 1](#fig11408){ref-type="fig"}). Also, results of the analysis concerning the comparison of groups\' average changes in various time points were not significant ([Table 2](#tbl14601){ref-type="table"}) .

![Comparing the Mean EDSS, Berg, six Minutes Walking, FSS, Physical and Mental Quality of Life Test Scores in the First, Second and Third Time Points in the Intervention and Control Groups](ircmj-16-17173-i001){#fig11408}

### 4.1.2. Fatigue Test {#sec56617}

In the fatigue test, a significant decrease in the scores was observed in the second (P = 0.02) and third time points (P = 0.04) compared to the baseline (day-zero). In the control group, however, changes of fatigue scores in comparing the three time periods of the test were not significant ([Figure 1](#fig11408){ref-type="fig"}). The significance of changes in two groups as compared with each other, was also statistically tested. According to this comparison, the degree of changes in the second part of time as compared to the first part was significant in the intervention group when compared with the control one (P = 0.02). Also the values in the third time point were significantly different from the first time point (P = 0.004), but results and changes in second and third time points were not significantly different (P = 0.30) ([Table 2](#tbl14601){ref-type="table"}).

###### The Mean Difference Scores of EDSS, FSS, Mental QOL, Physical QOL, Six Minute Walking and BBS in the two Study Groups at Three Time Points ^[a](#fn10961){ref-type="table-fn"}^

  Variable               Change 1 ^[b](#fn10962){ref-type="table-fn"}^   Change 2 ^[c](#fn10963){ref-type="table-fn"}^   Change 3 ^[d](#fn10964){ref-type="table-fn"}^                         
  ---------------------- ----------------------------------------------- ----------------------------------------------- ----------------------------------------------- ------ -------------- -------
  **EDSS**               -0.13 ± 0.23                                    0.60                                            -0.15 ± 0.21                                    0.50   -0.28 ± 0.29   0.35
  **FSS**                -6.9 ± 2.82                                     0.02                                            -3.3 ± 3.18                                     0.30   -10.2 ± 3.42   0.004
  **Mental QOL**         16.36 ± 4.46                                    0.001                                           2.82 ± 4.85                                     0.56   13.54 ± 5.37   0.02
  **Physical QOL**       12.17 ± 3.62                                    0.001                                           -1.27 ± 3.61                                    0.73   10.90 ± 4.55   0.02
  **6 minute Walking**   137.2 ± 24.54                                   \<0.0001                                        47.07 ± 45.34                                   0.30   184.3 ± 51.1   0.001
  **Berg**               3.34 ± 0.87                                     \<0.0001                                        -0.14 ± 1.32                                    0.92   3.21 ± 1.44    0.03

^a^ Abbreviations: EDSS; Expanded Disability Status Scale, FSS; Family Support Services, QOL; Quality of Life.

^b^ Mean change first test Mean change second test = change-1.

^c^ Mean change second test Mean change third test = change-2.

^d^ Mean change first test Mean change third test = change-3.

^e^ Mean intervention group Mean control group = Mean difference.

### 4.1.3. Quality of Life Tests {#sec56618}

Concerning the mental quality of life, significant changes were observed in the intervention group in the time period as compared with the first and third time periods (P \< 0.05). In the control group, however, results of all time periods were not statistically different from each other ([Figure 1](#fig11408){ref-type="fig"}). The changes in the two groups were also statistically compared. According to this comparison, the changes in the second time period was compared to the first time period which was significantly different in the intervention group as compared with control group (P = 0.001). The levels for the third time period was also significantly different from the first time period (P = 0.02), but changes in the second part as compared with the third part were not statistically significant (P = 0.56) ([Table 2](#tbl14601){ref-type="table"}). Concerning the physical quality of life, significant changes were observed in the intervention group in the second time period as compared with the first time period (P = 0.001). After nine months, however, the values returned to their initial level and thus there was no statistically significant difference between first and third parts. In the control group, values decreased significantly when comparing the third time period with the first time period (P = 0.02) ([Figure 1](#fig11408){ref-type="fig"}). Comparison of changes between the two groups also indicated that the values of second time period as compared to the first time period and the third time period as compared to the first time period had significant changes (P \< 0.05) ([Table 2](#tbl14601){ref-type="table"}).

### 4.1.4. Six Minutes Walking Test {#sec56619}

The average scores in the two study groups in three time periods showed that the differences of average scores of walking distance in the first and second time periods and also in the second and third time periods were statistically significant in intervention group (P \< 0.0001). The changes were also statistically significant in control group in the first and third time periods and in the second and third time periods as well (P \< 0.0001) ([Figure 1](#fig11408){ref-type="fig"}). The comparison of changes in the two groups in different time periods indicated that changes were significant when comparing the first part with the second time periods (P \< 0.0001) and also comparing the first and the third time periods (P = 0.001) ([Table 2](#tbl14601){ref-type="table"}).

### 4.1.5. Berg Test {#sec56620}

The results of Berg test showed an increasing and then decreasing pattern in the intervention group. In this group, significant positive changes were observed in the second phase as compared to the first and third phases. The mean score of Berg test increased from 49.02 to 51.7 which were significantly different. This score decreased to 48.63 in the third phase which was again statistically significant. In the control group, however, these changes were observed in a general decreasing pattern. Average scores were not significantly different when comparing the first and second test phases, but in the third phase, it had a decrease of 3.1 points as compared to the second phase which was statistically significant ([Figure 1](#fig11408){ref-type="fig"}). The significance of changes in the two groups was also statistically tested. According to this comparison, the amount of changes in the second time period as compared to the first time period was significant in the intervention group when compared with the control group (P \< 0.0001). Changes in the third time period were also significantly different from the first time period (P = 0.03), but the changes in second and third time periods were not significantly different (P = 0.92) ([Table 2](#tbl14601){ref-type="table"}).

5. Discussion {#sec56623}
=============

It seems that there was a significant improvement in the intervention group in the second part of the test which was reversed in the third part when exercises were stopped and almost most test results returned to their base level. When compared with the control group which had a tangible decrease at least in the third part as compared with the first part, it can be concluded that rehabilitation and exercise therapy can help patients by decreasing the disease related complications at least in short term. These results were in line with most recent studies, though the effects of exercise cessation were not studied by any of these researchers. Our findings were in accordance with the studies of Dalgas in 2012 ([@A17173R30]), McCullagh in 2008 ([@A17173R16]), Stuifbergen in 2006 ([@A17173R17]) and Romberg in 2005 ([@A17173R13]). In our study, results of EDSS test in two groups as compared with each other at all-time points were not significant. This finding was in line with many previous studies including that of Pilutti in 2011 ([@A17173R31]), Petajan in 1996 ([@A17173R32]) and Rodgers in 1999 ([@A17173R33]) which had used perseverance exercises and that of Dalgas in 2009 ([@A17173R34]), Fimland in 2010 ([@A17173R35]) and White in 2004 ([@A17173R7]) which had used strengthening exercises, or that of Romberg in 2004 ([@A17173R13]) and Bjarnadottir in 2007 ([@A17173R36]) which had used combination exercises. Only one study by Golzari et al. in 2010 ([@A17173R37]) which was performed using combination exercises reported a significant improvement in EDSS scores. Perhaps the most and clearest amount of changes in this research was regarding the Berg balancing test. Changes in this regard were highly significant and patients experienced an improvement in their balance. Results of our study matches those of other studies including that of D. Cattaneo in 2007 ([@A17173R38]), Masoudinejad et al. in 2012 ([@A17173R39]), Learmonth et al. in 2012 ([@A17173R40]), Sosnoff et al. in 2013 ([@A17173R41]) and Tarakci et al. in 2013 ([@A17173R42]) which showed an improvement in balance and also a decrease in the risk of falling after the exercises. De Bolt, however, in 2004 showed that strengthening exercises have no effects on the balance level ([@A17173R43]). This discrepancy between the results can be due to the differences in the type of exercises undertaken and also different tools for measuring the balance level in patients. The difference in the scores of two groups which reached nearly four points is noteworthy. This was in line with the study of Donoghue et al. in 2009 ([@A17173R44]) which investigated what degree of changes in Berg test would correspond to real changes in patients. Regarding the fatigue test, patients in intervention group improved significantly as compared with control group. These results can be interpreted from two aspects: first, fatigue is a consequence of the disease process which will not be changed significantly by exercise. Studies of Pilutti in 2013 ([@A17173R31]) and Andreasen in 2013 ([@A17173R21]) support this notion. Also fatigue can be regarded in the context of patients' general health status which can be enhanced following the improvement in patients' general condition. Study of Dalgas et al. in 2012 support this notion ([@A17173R30]). The changes in the six minute walking followed the general trend of this study and showed an increase in the second phase and a decrease in the third phase. These results matched those of Tarakci et al. in 2013 ([@A17173R42]) but did not match those of Learmonth in 2012 ([@A17173R40]). It should be mentioned that in these rather similar studies, mostly the speed of taking steps was measured and not the walking distance. Indeed, the analysis of Snook et al. in 2008 ([@A17173R19]), confirmed the effect of exercise therapy on improving the walking distance though the changes were rather minor. In measuring the patient' quality of lives, the results showed that there have been significant changes in the intervention group as compared with the control group in the second phase of the study compared with the first phase and the third phase as compared with the first in both physical and mental health aspects of quality of life. These results matched those of Mostert in 2001 ([@A17173R5]) and Motl in 2008 ([@A17173R18]), but Romberg in 2005 ([@A17173R13]) reported in a longitudinal study that exercise was not effective in enhancing the quality of life in MS patients. The difference in tools which measure the quality of life in MS patients such as MSQOL-54 and other general tools can cause such difference ([@A17173R30]). Type and duration of exercises are among other differences which should be mentioned ([@A17173R30]).

Our research showed exercise therapy and sports are vitally valuable for patients and exercise causes noticeable improvement in them. This research also showed that, over time, there were significant differences in the quality of life between those patients who exercised and those who were deprived from rehabilitation and exercise therapy for some reasons. In the intervention group after nine months, the test scores returned to the base level. Comparing this with the control group which had a significant decrease from the base level, it can be concluded that rehabilitation can be crucially important in keeping MS patients capable of doing their daily activities. As the most important result of this research, it is necessary to mention that exercise cessation and the lack of follow-up causes the obvious return of the symptoms and disabilities and this emphasizes the necessity of doing exercises regularly and continuously. More longitudinal studies are required to design a proper, balanced and effective exercise regimen for the patients and help them fight the complications of their disease.

The authors thank all patients for their participation as well as Ms Zahra Gholami and her colleagues from Iran Multiple Sclerosis Society for their kind technical assistance.

**Implication for health policy/practice/research/medical education:**Exercise has significant effects on improving symptoms of multiple sclerosis, and cessation of exercise may cause recurrence of symptoms in the intervention group with a slope similar to that of the control group. Therefore, continuous rather than short period exercises have valuable symptomatic and supportive relief effects in patients.
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